Measurements of the B 0 s effective lifetime in decays to CP -odd and CPeven flavour specific final states allow to probe the width difference ∆Γ s and the CP -violating phase φ s of B 0 s − B 
Introduction
Precision measurements of B-hadron lifetimes are an important test of the theoretical approach to B-hadron observables, known as Heavy Quark Expansion (HQE). In this approach the decay rate is calculated as an expansion in inverse powers of the heavy b-quark mass [ 
The quantities Γ H and Γ L are the decay widths of the heavy and light B 0 s mass eigenstates and ∆Γ s = Γ L − Γ H is the decay width difference. The parameter A ∆Γs is defined as A ∆Γs = −2 e(λ)/(1 + |λ| 2 ), where λ = (q/p)(A/A). The complex coefficients p and q define the mass eigenstates of the B [2] . We define the effective lifetime of the decay B 0 s → f as the time expectation value of the untagged rate:
which is equivalent to the lifetime that results from fitting the untagged decay time distribution in Eq. 2 with a single exponential. By making use of the usual definition y s = ∆Γ s /2Γ s and using τ B 0
s , one can espress the effective lifetime as:
So it is possible to use the corresponding lifetime measurements to constrain y s (or ∆Γ s ) with respect to φ s , with the advantage that only an untagged analysis is needed. [4] . At LHCb, B-hadrons are produced with an average momentum of around 100 GeV/c and have decay vertices displaced from the primary interaction vertex (around 1-2 cm for B 0 s ), whereas combinatorial background candidates are produced by the random combination of tracks, which tend to originate from the primary vertex. So conventional selections exploit these features to select B-hadrons by requiring that their decay products are energetic and significantly displaced from the primary interaction point. However, this introduces a time-dependent acceptance which needs to be taken into account in the analysis. Moreover, there could be also implicit biases, for example due to geometrical and reconstruction acceptances. Experimentally it is challenging to correct for these biases. Here two strategies are presented to make an unbiased lifetime measurement: an approach where B-hadrons are selected without biasing the decay time distribution and a measurement of the B acceptance effects. This is achieved using neural networks in the software trigger and event selection, primarly using kinematic properties and particle identification requirements. The effective B 0 s → K + K − lifetime is evaluated using an unbinned maximum log-likelihood fit. A fit to the invariant mass spectrum (Figure 1a) , which finds 997 ± 34 B The f 0 (980) selection results in a B 0 s → J/ψf 0 (980) sample of 4040 ± 75 events, that is greater than 99.4% CP -odd at 95% confidence level [7] . This implies that in the absence of CP violation, the J/ψf 0 (980) final state can be reached only by the decay of the heavy (H) B 0 s mass eigenstate. As the measured CP violation in this final state is small [8] , a measurement of the effective lifetime, τ J/ψf 0 (980) , can be translated into a measurement of the decay width, Γ H . In the analysis presented here [7] the effective B . The same trigger and offline selection, using identical kinematic constraints, is applied to both channels, except for the hadron identification. The advantage of this technique is that in the ratio the decay time acceptance introduced by the trigger, reconstruction and selection requirements and the systematic uncertainties largely cancel. The decay time ratio between B 0 s → J/ψf 0 (980) and B 0 → J/ψK * 0 (892) with the fitted probability density function (PDF) for ∆ J/ψf 0 (980)
superimposed is shown in Figure 2 . Making use of a binned fit, the reciprocal lifetime difference is determined to be ∆ J/ψf 0 (980) = −0.070 ± 0.014 ps −1 , where the uncertainty is statistical only. Taking τ J/ψK * 0 (892)
to be the mean B 0 lifetime 1.519 ± 0.007 ps [9] , it is possible to determine τ J/ψf 0 (980) = 1.700 ± 0.040 (stat.) ± 0.026 (syst.) ps.
The main systematic contribution is due to non perfect cancelation between the acceptance corrections in the two channels. The decay B 0 s → J/ψφ is considered the golden mode to measure φ s . It is a pseudoscalar to vector-vector decay, so angular momentum conservation implies that the final state is an admixture of CP -even and CP -odd components. By performing a time-dependent angular analysis [8] , it is possible to statistically disentangle the different CP eigenstates by the differential decay rate for B the S-wave and P -wave amplitudes which falls rapidly with increasing m K + K − [10] . Based on about 0.4 pb −1 of integrated luminosity the LHCb collaboration measured the phase difference reported in Figure 3b : it is clear that only solution I is physical, and we conclude that the B 0 s mass eigenstate that is almost CP = +1 is lighter and decays faster than the mass eigenstate that is almost CP = −1 [10] . This determines the sign of the decay width difference ∆Γ s to be positive, as expected in the SM. All results available publicly before the end of September 2012, including those described in these proceedings, have been included in the averages computed by the lifetime and oscillations sub-group of the Heavy Flavour Averaging Group (HFAG) [11] . The two plots in Figure 4 show contours of ∆(log(L)) = 0.5 (39% CL for the enclosed 2D regions, 68% CL for the bands), in the plane (1/Γ s , ∆Γ s ) on the left and in the s → J/ψφ decays and independently the sign of the decay width difference ∆Γ s was established to be positive for the first time. All these measurements are the most precise measurements to date and are consistent with theoretical predictions [12] .
